Peritoneal dialysis-associated peritonitis (PDAP) is the most common complication resulting from peritoneal dialysis. Repeated attacks of peritonitis may render the peritoneal membrane unsuitable for dialysis, due to scarring and thickening (8) .
Current empirical therapy for PDAP includes gram-positive coverage with a cephalosporin, such as cefazolin or vancomycin (if beta-lactam resistance or allergy is known or suspected), plus an agent, such as an aminoglycoside, to cover gram negatives (7) . A critical issue in the use of beta-lactams or vancomycin is that the drugs require bacteria to be in exponentialphase growth for the antibiotic to be effective (2, 10) . However, peritoneal dialysis fluid (PDF) is bacteriostatic, which may compromise the efficacy of these agents (5, 6, 11) . Previous experiments performed by Hermsen et al. have shown that the activities of vancomycin and cefazolin are negatively affected in the setting of PDF-induced growth suppression (4) .
Telavancin is a lipoglycopeptide antibiotic which, due to multiple mechanisms of action, should not fall victim to PDFinduced growth suppression. In addition, since telavancin is ϳ95% protein bound, the low protein concentration in PDF will provide high free-drug concentrations to maximize killing (3).
The purpose of this investigation was to compare the abilities of telavancin, cefazolin, and vancomycin to kill Staphylococcus aureus, a common cause of PDAP, in the context of PDF-induced growth suppression.
Sixteen duplicate concentration-time-kill curve experiments were conducted using a static in vitro model in order to simulate the conditions of PDF during an intraperitoneal dwell. The studies were performed using cation-adjusted MuellerHinton broth (CAMHB; Becton Dickinson Microbiology Systems, Sparks, MD) as a control and commercially available PDF (Baxter Dianeal low calcium; Baxter Healthcare Corp., Deerfield, IL) supplemented to contain final concentrations of 2.5% dextrose and 257 mg of calcium/liter. The solution was adjusted to a pH of 7.4, corresponding to the pH after a 4-h intraperitoneal dwell (4). The models were inoculated at time zero and allowed to incubate for 2 h at 37°C. Antibiotic was added at the 2-h time point. Each experiment was performed for 24 h at 37°C.
American Type Culture Collection (ATCC) isolates of methicillin-susceptible S. aureus (MSSA; ATCC 29213) and methicillin-resistant S. aureus (MRSA; ATCC 33592) were used in the experiments. For all experiments, the starting inoculum was approximately 10 6 CFU/ml, which is comparable to the bacterial load associated with PDAP (5).
Stock solutions of cefazolin (Sigma-Aldrich, St. Louis, MO) and vancomycin (Fisher Scientific, Pittsburgh, PA) were prepared and stored at Ϫ80°C. Telavancin stock solutions were prepared by the manufacturer (Theravance, South San Francisco, CA) and stored at Ϫ20°C. All antibiotics were administered as bolus injections.
Telavancin concentrations of 10 g/ml and 50 g/ml were used in this study. There are reports of telavancin being used safely in human studies at concentrations as high as 150 to 200 g/ml (9). The concentrations of cefazolin and vancomycin used, 125 g/ml and 50 g/ml, respectively, correspond to the intraperitoneal doses that are typically used clinically (4, 7). Antibiotic concentrations were not corrected for protein binding, as PDF has negligible protein content (4, 5) . Six samples were processed for bacterial enumeration during each experiment. In the experiments requiring antibiotic administration, antibiotic was not added until the 2-h time point, in order to allow the PDF to exert its growth-suppressive effect on the organisms. Fifty microliters of the correct dilution was processed using a WASP2 spiral plater (Don Whitley Scientific Ltd., West Yorkshire, England). After 18 to 24 h of incubation, the number of CFU per ml was calculated using an aCOLyte automated colony counter (Synbiosis, Cambridge, United Kingdom). Concentration-time-kill curves were constructed by plotting the log 10 number of CFU/ml versus time. Slopes for each curve were compared using 95% confidence intervals to elucidate any differences in antibiotic performance.
Susceptibilities to cefazolin, vancomycin, and telavancin were determined for each isolate prior to concentration-time-kill ex-periments and for all postexposure isolates. Broth dilution MIC testing was performed, following CLSI guidelines for Staphylococcus spp. (1) . MSSA (ATCC 29213) was used as a quality control organism.
Concentration-time-kill curve slopes were determined using regression analysis, and 95% confidence intervals on mean slope values were determined. Significance was defined as a P value of Ͻ0.05. All graphing and statistical analyses were performed using Microsoft Excel (Microsoft Corp., Redmond, WA).
Liquid chromatography mass spectrometry (LC-MS) testing for measurement of telavancin levels was performed at Alturas Analytics (Moscow, ID). The method was linear over a range of 5 g/ml to 100 g/ml, with a lower limit of quantification of FIG. 1. (A) Telavancin, vancomycin, and cefazolin against MSSA in CAMHB. Antibiotic was added at the 2-h time point. Plotted data represent the means for duplicate simulations. (B) Telavancin, vancomycin, and cefazolin against MSSA in PDF. Antibiotic was added at the 2-h time point. Plotted data represent the means for duplicate simulations. GC, growth control; TEL 10, telavancin peak of 10 g/ml; TEL 50, telavancin peak of 50 g/ml; VAN, vancomycin; CFZ, cefazolin; LLA, lower limit of accuracy.
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5 g/ml. Overall accuracy ranged from 75.9% to 107%. These levels were verified using an agar diffusion microbiological assay adapted from a procedure developed at the Antibiotic Research Unit in Uppsala, Sweden (I. Odenholt, personal communication). Vancomycin and cefazolin assays for verification of concentrations were not performed. The results showed that telavancin at both 10 g/ml and 50 g/ml exhibits statistically significantly better kill (P Ͻ 0.05) than cefazolin and vancomycin against MSSA and MRSA in PDF. A telavancin concentration of 50 g/ml killed more rapidly than a telavancin concentration of 10 g/ml ( Fig. 1 and 2) . The preexposure MICs for MSSA were 0.5 g/ml for cefazolin, 1 g/ml for vancomycin, and 0.25 g/ml for telavancin. The MICs for MRSA were Ͼ16 g/ml for cefazolin, 1 g/ml for vancomycin, and 0.125 g/ml for telavancin. There were no changes in preexposure versus postexposure MICs. The tela- vancin levels measured by LC-MS were somewhat higher than desired for both the 10-g/ml (115 to 155% of the expected level) and the 50-g/ml (102 to 123% of the expected level) experiments. The microbiological assay verified that the LC-MS levels were accurate (92 to 123% correlation). Based on these data, telavancin seems to be a promising agent for treatment of PDAP. Telavancin may shorten the treatment period and thus reduce scarring and inflammation, extending the viability of the peritoneal membrane. In addition, a shorter course of therapy decreases the potential for induced resistance or disturbance of normal flora at remote sites.
